and 4 Glittreklinikken, Respiratory Physiology, Hakadal, Norway Changes in health according to World Health Organization's International Classification of Functioning, Disability and Health (ICF) after four weeks of pulmonary rehabilitation (PR) were investigated. Gender differences in the response to PR, and the correlation between improvements in the two components of ICF (Body functions and Activities and Participation) were examined. Twenty-two men and 18 women with chronic obstructive pulmonary disease in Global Initiative for Chronic Obstructive Lung Disease (GOLD) stage II-IV attended in-patient, multidisciplinary PR consisting of endurance training four to five times/week at 70% of peak work rate (WR peak ), resistance training three to four times/week at 72% of 15 repetitions maximum, educational sessions and individual counselling. The results were compared to those of 20 Chronic Obstructive Pulmonary Disease (COPD) patients included after the same criteria and investigated while waiting for admission to PR. In the rehabilitation group, we found significant improvements in health related quality of life (HRQoL) (Ϫ7 units, St. George's Respiratory Questionnaire), arm (6%) and leg (15%) maximal voluntary contraction, peak oxygen uptake (6%), WR peak (60%) and treadmill endurance time (93%). At iso-WR, ventilation and dyspnoea were significantly lower, but inspiratory capacity remained unchanged. Improvements in HRQoL correlated with increases in peak ventilation, but not in muscle strength or exercise capacity. Men improved their six-minute walking distance significantly in contrast to women. Clinically important improvements in HRQoL were found in two out of three of the men, and one out of three of the women. Four weeks of intensive PR generated significant health effects comparable to longer lasting programmes. Changes in exercise capacity and muscle strength were not related to improvements in HRQoL. The gender differences in the response to PR deserve attention in future studies. Chronic Respiratory Disease 2007; 4: [5] [6] [7] [8] [9] [10] [11] [12] [13] Key words: chronic obstructive pulmonary disease; exercise training; gender; health-related quality of life; muscle strength; pulmonary rehabilitation Although the effects of PR are well documented, interactions between changes in physiological measures and alterations in activity and participation are less investigated. In prospective studies where improvements in both muscle strength and HRQoL were recorded, 10,11 the relationship between the changes in these parameters was not explored. No correlations have been reported between changes in maximal oxygen uptake or constant load endurance time and in HRQoL after PR. 12, 13 The aim of our study was to answer three questions:
Introduction
The 2003 update of the Global Initiative for Chronic Obstructive Lung Disease (GOLD) identifies significant positive health effects for patients with chronic obstructive pulmonary disease (COPD) after pulmonary rehabilitation (PR). 1 GOLD 2003 recommends a minimum two-month duration for PR, but recognizes that this advice is based on a limited number of studies. Six to eight-week PR programmes have yielded some of the largest reported gains in health related quality of life (HRQoL) 2 and exercise capacity. 3 The increasing prevalence of COPD emphasizes the importance of finding the shortest effective PR, but studies of programmes shorter than six weeks are scarce for patients with stable disease and include few outcome variables. 4, 5 Also, little is known about gender differences in the response to PR. 6 In accordance with the British and American Thoracic Societies' statements on PR, 7, 8 we wanted to relate the effects measured after PR to the World Health Organization's International Classification of Functioning, Disability and Health (ICF). 9 ICF classifies disability with respect to organ function as well as to limitations in activity and participation without any intrinsic ranking of the health outcomes according to expected importance. Since the aim of PR is to improve the functional level of each patient in more than one aspect of life, is seems reasonable that evaluations of PR should not focus on single outcomes, but as far as possible be examined within the framework provided by the ICF.
Although the effects of PR are well documented, interactions between changes in physiological measures and alterations in activity and participation are less investigated. In prospective studies where improvements in both muscle strength and HRQoL were recorded, 10, 11 the relationship between the changes in these parameters was not explored. No correlations have been reported between changes in maximal oxygen uptake or constant load endurance time and in HRQoL after PR. 12, 13 The aim of our study was to answer three questions:
1) Will the participation in a four-week, intensive, multidisciplinary, in-patient PR programme create changes in the ICF components Body functions and Activities and Participation? 2) Are there associations between changes during PR in the two ICF components? 3) Are there gender differences in the response to PR?
Material and methods

Design
The study was carried out as a prospective trial, following 'intention-to-treat' principles. From February 2001 to December 2002, 41 patients with COPD 1 aged 45-75 years, admitted to four-week in-patient PR after referral from their pulmonary physician or general practitioner, were asked to participate in the study. One subject refused participation. The 40 participants in the PR group were tested at start and finish of four weeks of PR. To investigate the stability of the outcome measures in this population over time, 20 COPD patients were selected from the clinic's waiting list with the same inclusion criteria as the PR group. This non-PR group was tested during a three-day visit to the clinic four months prior to admission, and then upon entering the PR-programme. All patients gave written consent, and the study was approved by the regional committee for medical ethics.
Based on changes in 6MWD reported after six weeks of PR 14 we found a sample of n ϭ 33 to be necessary to detect a change of 54 m (alpha ϭ 0.05, power 80%), which has been suggested as minimal important clinical difference (MCID). 15 For other parameters, the lack of available information on the variability of observed changes after PR made computations of sample sizes difficult. HRQoL, muscle force and maximal oxygen uptake had been shown to increase significantly after PR where an equal or smaller number of patients had been studied. 3, 13, 16 Subjects COPD patients living within six hours of travel from the clinic were included. Since we did not aim to study effects of smoking cessation, no current smokers were included. Exclusion criteria were: in training twice a week or more or participation in pulmonary rehabilitation the last year, exercise limiting cardiovascular or musculoskeletal disease, long-term oxygen therapy (LTOT). The characteristics of the subjects in both groups are given in Table 1 .
Multidisciplinary rehabilitation
Patients were seen at least weekly by their attending physician, and issues such as medication or nutrition were followed up daily by nurses. Patients were given Effect of short-term pulmonary rehabilitation S Skumlien et al.
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International classification of functioning, disability and health
This framework for understanding and comparing health across different diagnoses and levels of functioning divides personal aspects of health into the two components: Body Functions and Structures and Activities and Participation. Organ function is classified in the first component according to body systems. For instance, the function of the respiratory system is classified in chapter b4 under b440 to b449, whereas muscle force is classified in chapter b7. The chapters in the Activities and Participation component aim at covering all areas of life. For instance, chapter d4 classifies mobility. Quantification of impairment is intended to be given as first decimal after the relevant classification domain, i.e., xxx.0 for 'no problem' and xxx.4 for a 'complete loss of function'. However, further research is warranted to produce scales for such assessment procedures.
ICF body functions
Pulmonary function (ICF b440)
Forced vital capacity (FVC) and forced expiratory volume in one second (FEV 1 ) were recorded from the better of two forced flow-volume curves (Oxycon Pro, Jaeger, Würtzburg, Germany). Inspiratory capacity (IC) was measured at rest and every two minutes during incremental treadmill testing as described by O'Donnell. 17 Resting spirometry was performed standing to allow comparisons with values obtained during exercise. Static lung volumes were measured by whole body plethysmography, and diffusion capacity of the lung as transfer factor for carbon monoxide (TLCO) by single breath method (Masterlab, Jaeger, Würtzburg, Germany). Body mass index was calculated (BMI ϭ body weight/height 2 ). Arterial blood gases were drawn from the right radial artery and analysed immediately (ABL TM 725, Radiometer, Copenhagen, Denmark).
Exercise capacity (ICF b455)
Depending on 6MWD and the exercise tolerance reported by each patient, the stepwise, incremental treadmill test started at 1.2 or 3.6 km/hour. Work rate (WR) was intensified every two minutes by increase in speed up to 5.4 km/hour, thereafter by increasing the slope. Ventilation (V Ј E ), tidal volume (VT), breathing frequency (BF), oxygen uptake (V Ј O 2 ) and carbon dioxide output (V Ј CO 2 ) were recorded (Oxycon Pro). Patients were monitored with 12-lead EKG (Megacart, Siemens-Elema AB, Solna, Sweden). Heart rate (HR) and oxygen saturation (SpO 2 , Nonin PalmSAT Model 2500) were recorded at the end of each increment and upon test termination.
Peripheral muscle force (ICF b730 and b740)
Maximal voluntary contraction was measured as the best of three 10 second isometric contractions against a dynamometer for leg press (MVC lp ) and elbow flexion (MVC ef ). MVC lp was recorded during seated bilateral leg press (Steens Industrier AS, Norway) with knees in 110°angle. MVC ef was performed with both hands, with a 90°elbow angle, pulling a bar connected to the dynamometer. Bilateral 15 repetitions maximum (15RM) was performed for five muscle groups: Elbow Effect of short-term pulmonary rehabilitation S Skumlien et al. 
Dyspnoea (ICF b460)
Dyspnoea was measured on the Borg CR10 scale 18 before start and at the end of 6MWT, incremental and constant load treadmill tests, and for the two latter also at two-minute intervals during the test.
Activities and participation
Walking capacity (ICF d450)
Six-minute walking tests (6MWT) were carried out as described by Guyatt et al. 19 At study entry, the test was performed twice, and six-minute walking distance (6MWD) and SpO 2 recorded from the test with the longest 6MWD. Subsequent 6MWT were done as single tests. Treadmill endurance time (TET) was measured at 70% of the WR peak obtained during incremental testing. Heart rate (Polar Accurex Plus, Polar Electro Oy, Kempele, Finland) and SpO 2 was measured before start, every second minute and at finish. The test was terminated if TET exceeded 30 minutes because we expected motivation to be the main factor influencing TET beyond this point.
HRQoL (ICF d2, d4, d5, d6, d7, d8, d9) HRQoL was assessed by the St.George's Respiratory Questionnaire (SGRQ tot ) with its three subcomponents symptoms (SGRQ sym ), activity (SGRQ act ) and impact (SGRQ imp ). 20 The minimal clinically important difference (MCID) for changes in HRQoL is four units. 21 Questionnaires with Ն10 missing items were discarded.
Functional status (ICF d4, d5, d6)
The level of activity at home was evaluated by the HYRIM Physical Activity Questionnaire (HPAQ), 22 an interviewer administered questionnaire where time expenditure and intensity of most everyday activities are registered. The administration of SGRQ and HPAQ after PR was postponed for two weeks to give the patients a chance to experience HRQoL and activity in their home environment.
Statistical analyses
The
to compare the response ratios in HRQoL between men and women. Forward logistic regression analysis was used to predict clinically significant positive response in HRQoL. The level of significance was set at P Ͻ 0.05.
Results
PR group
Changes in respiratory function and exercise capacity are shown in Table 3 . V Ј O 2peak and WR peak were significantly improved. Additionally, the ratio V Ј O 2peak / WR peak was reduced from 0.48 mL/J to 0.34 mL/J (P ϭ 0.001) as a sign of better work economy at peak exercise. Lower metabolic cost at 70%WR peak accounts for an effort independent increase in exercise capacity. Also, dyspnoea and BF were significantly lower at this WR, while IC and TV remained unchanged.
Muscular strength increased significantly for all muscle groups tested (Table 4) . Larger changes were detected for 15RM than for MVC, and the relative improvements were more pronounced for the lower than upper extremities. BMI remained stable at 27 kg/m 2 . For body functions variables, linear regression analyses demonstrated no statistically significant differences in response between men and women.
Walking capacity, measured as treadmill endurance, was greatly improved after PR. Fifteen patients reached the 30 minute limit, and so the increase in walking capacity was even underestimated. The change in 6MWD was, however, small (Table 5) .
Among the 33 patients that carried out the six-minute walking test both before and after PR, only seven improved their walking distance at least 54 m. Six of these were men. There was a significant difference (P ϭ 0.018) between the lack of change in 6MWD for women (mean difference Ϫ8 m, 95% CI [Ϫ36; 21], P ϭ 0.577), and the significant improvement for men (mean 33 m, 95%CI [13; 53] , P ϭ 0.003). Linear regression analysis confirmed this result also when correcting for pre-PR 6MWD (B gender ϭ 41, P ϭ 0.018, B prePR ϭ 1, P Ͻ 0.0005).
The change in HRQoL was well above the MCID (Table 5 ). The 33 patients with valid SGRQ both before and after PR were categorized as responders if total score changed ՆMCID. Twelve of 18 men and five of 15 women were then classified as responders. The gender difference was not statistically significant with the available sample size (P ϭ 0.08). In multiple logistic forward Effect of short-term pulmonary rehabilitation S Skumlien et al. http://crd.sagepub.com regression analyses with gender, age, FEV 1 , 6MWD or initial SGRQ-score as independent variables, only gender was a significant predictor of response in HRQoL. Estimated activity level (HPAQ) tended to increase, but the change did not reach statistical significance (Table 5) .
Correlations were found between the changes after PR for variables measuring similar entities (Table 6 ). Very few significant correlations were seen between variables from the Body Functions versus the Activities and Participation component.
Non-PR group
No differences between PR and non-PR groups were found at baseline, apart from a somewhat lower paO 2 in non-PR (Table 1) . During the study period, there was an improvement in FEV 1 in the same order as for the PR group. The non-PR group experienced a reduction in MVC ef and a worsening of the SGRQ act . There were no significant changes in other parameters (Tables 3-5) .
Discussion
This short, intensive, in-patient, multidisciplinary PR programme resulted in improved health in both the Body Functions and the Activites and Participation components of the ICF, but the changes in the two components were poorly associated. As to gender differences, men improved their 6MWD in contrast to women, and tended to experience a clinically significant change in HRQoL more often.
After PR, the participating patients had improved their muscle strength, WR peak and dyspnoea at 70% WR peak . These changes were significantly different from the development in the non-PR group. V Ј O 2peak and V Ј E peak were also improved. The changes during incremental exercise testing are consistent with a physiological response to exercise training. In comparison, Casaburi et al. found a larger increase in V Ј O 2peak , but lower improvements in WR peak and cycle endurance time after six weeks of endurance training three times per week at 80% of WR peak.
3 Improvement in V Ј O 2peak in the same order as our results were found after combined resistance and endurance training for 12 weeks (three sessions/week). 11 In this study, the relative improvement in muscle strength (MVC) was larger than for our patients. This may have been caused by the longer programme duration, or by the use of fewer repetitions of heavier weights. Like for healthy individuals, the effects of exercise among COPD patients will be influenced, not only by programme duration, but also of training frequency and intensity. 23 Our results indicate that four weeks endurance and resistance training at moderate intensities can result in significant improvements in strength and endurance if carried out four to five times/week. COPD patients will not necessarily appreciate better muscle strength or peak oxygen uptake unless this leads to improved mobility. Walking capacity (TET) was nearly doubled after PR. The higher WR peak resulted in a lower relative intensity of the endurance walk compared to study entry. Because of the hyperbolic shape of the power-duration relationship, a small decrease in relative intensity would be expected to give this comparatively larger increase in endurance time. 24 Effect of short-term pulmonary rehabilitation S Skumlien et al.
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Chronic Respiratory Disease It is reasonable to assume that the ability to walk at moderate speeds for a longer time translates into beneficial changes in the capacity to perform daily activities that requires maintenance of a constant work load. 23 Yet, the prolongation in TET was not associated with improved HRQoL or 6MWD (Table 6 ). Absence of correlation between changes in submaximal endurance time and 6MWD has also been found by others, 25 and may in part rely on the self-paced nature of the 6MWD. 6MWD for our patients did not improve after almost daily training for four weeks. With a change in V Ј O 2peak equal to our patients, Spruit et al found a significant increase in 6MWD after endurance training. 10 We found no correlation between ⌬V Ј O 2peak and ⌬6MWD, but a moderate correlation between ⌬15RMlp and ⌬6MWD ( Table 6 ). The lesser progression in leg muscle strength during our program may be one reason for the lack of improvement in 6MWD. However, Finnerty et al. reported a 51 m increase in 6MWD after PR, which included physical exercises only one hour weekly for six weeks. 2 Clearly, factors other than the amount of exercise training must be suspected to influence the 6MWD. Previous studies have included a predominance of men. 2, 10, 11, 16, 25, 26 Further analyses of our results revealed a significant gender difference in the change in 6MWD; the men improved their 6MWD as opposed to the women. Other studies of male COPD patients have found similar improvements in endurance time after combined exercise training with an accompanying prolongation of 6MWD of 34-36 m, 25, 26 which is comparable to the men in our study. It has been Effect of short-term pulmonary rehabilitation S Skumlien et al.
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Pearson correlation coefficients between changes from before to after pulmonary rehabilitation for the variables listed. *P Ͻ 0.05; # P Ͻ 0.01. FEV 1 : forced expiratory volume in 1 s; V Ј Epeak : peak ventilation; V Ј O 2peak : peak oxygen uptake; WR peak : peak work rate; MVC: maximal voluntary contraction for elbow flexion (ef) and leg press (lp); 15RM: 15 repetitions maximum for elbow flexion (ef), latissimus dorsi/triceps brachiae (lt), abdominal muscles (ab), leg press (lp), triceps surae (ts); 6MWD: six-minute walking distance; TET: treadmill endurance time; Borg score for dyspnoea at 70% of WR peak during incremental treadmill test; HPAQ: Hyrim Physical Activity Questionnaire; SGRQ: St. George's Respiratory Questionnaire subscores for symptoms (sym), activity (act) and impact (imp) and total score (tot). Table 6 Correlation coefficients between changes in health after pulmonary rehabilitation suggested that men profit more than women from exercise training. 27 But since there were no gender differences in the changes in the physiological variables that measure exercise capacity and strength, there were probably other causes for the larger gain in 6MWD among the male patients. Siela et al. found that men with COPD that perceived a high self-efficacy had better functional performance, while this was not the case for women. 28 Our program included sessions directed at improving self-efficacy (Table 2) , and it is possible that this could have contributed to an improved walking distance for the male patients.
The improvements in SGRQ-scores were well above the MCID, and in the same range as some of the largest reported changes after PR. 2 The proportion of responders was 52% for the PR group as a whole. Others have analysed the response in HRQoL in the same way and found response rates of 44%. 29 Our results indicated a tendency for men to experience a better HRQoL more often than women.
Daily activity level, estimated with the HPAQ questionnaire, did not change significantly after PR. This questionnaire has been validated for healthy individuals, and may not be sensitive enough to capture the smaller changes in activity expected among patients attending PR. Studies where accelerometers have been used to estimate activity level have shown raised values following PR. 30 In general, changes in the Activities and Participation component were not correlated with changes in Body Functions (Table 6 ). We found that the degree of improvement in HRQoL were associated with ⌬V Ј O 2peak and ⌬V Ј Epeak , but not with a larger gain in muscle strength. Previous studies of resistance training have demonstrated about the same improvements in HRQoL as for endurance training. 10, 11 However, these studies did not investigate whether the improved HRQoL was proportional to the gain in muscle strength, as would be expected if the better muscle strength were a direct cause of the improved HRQoL. One way to interpret these results is that SGRQ to a limited extent address the functions trained in exercise programs, and that this is most pronounced for activities relying on muscular strength rather than maximal oxygen uptake. Also, the SGRQ might not capture changes in the ability to sustain longer periods of activity. If improving HRQoL is the main objective of PR, it has been suggested that high intensity training may not be necessary. 31 However, it is important to realise that the current questionnaires for HRQoL are not complete measures of how patients cope with the COPD in their daily lives.
One limitation of this study is the difference in observation time between the PR and non-PR group. Also, the group allocation was not randomized.
The development in the non-PR group acts as a demonstration of the stability of the outcome measures over time, but we cannot exclude the possibility that a learning effect would have increased the output from some tests after four weeks that are lost after four months.
In conclusion, we found that short, intensive, inpatient PR generated positive health effects. Beneficial changes in health at the Body Functions and the Activities and Participation components of the ICF were poorly correlated and should be measured separately in studies of pulmonary rehabilitation. The gender differences in the effects of PR deserve to be explored in greater detail in future studies.
